In this work is presented a new efficient and simple method, which allows the analysis and design of planar optical waveguides. This method links the The first four charts of the method can easily be adapted for planar waveguides of arbitrary index profile. The last two charts were obtained experimentally and are valid for diffused Ti:LiNbO optical planar waveguides.
The first four charts of the method can easily be adapted for planar waveguides of arbitrary index profile. The last two charts were obtained experimentally and are valid for diffused Ti:LiNbO optical planar waveguides.
The main optical parameters may be easily interrelated utilizing a personal computer or drawing simple vertical and horizontal lines on an abacus.
2.INTRODUCTION
Integrated optics design has been the subject of a great number of studies and experimental works. Over the last two decades, a considerable effort has been put into the design and fabrication of planar optical waveguides, being the LiNbO3 the most utilized substrate in integrated optics.
In order to have an easy-to-use procedure for planar waveguides design, specially on diffused Ti: LiNbO3 waveguides, a new design technique has been developed. Its main advantage is the very straight-forward way to obtain the optical and technological parameters , drawing simple vertical and horizontal lines on the charts developed or utilizing a personal computer where the data of the charts can be stored.
A numerical example which illustrates the calculation procedure is also presented.
ABACUS DEVELOPMENT
The abacus consists of six normalized charts, as shown i'-i Figure 1 . The first four charts were calculated theoretically and the fifth and sixth, experimentally.
As it is known1, the normalized dispersion equation
approximates the resonance condition for a propagating mode, in a planar waveguide of gradual index f(x' ), where and are the phase changes at the surface ( x' = 0) and turning ( x' = x') boundaries points. Both depend on polarization of propagating modes ( TE or TM ). This relation between the difference of the square surface and substrate (bulk) indices, the new normalized parameter V' , and the wavelength A; may be expressed as:
2T(]222 (7) In Figure 2 , which includes three more wavelengths than figure 1. 4 , the values of equation (7) are given for five wavelengths :0.6328 , 0.83, 1.06
1.32 and 1.55 tim. Since the increment in the refractive index in a LiNbO3 crystal is proportional to the titanium concentration to be diffused into it, for n <<< n we can write that The abacus, that is the graphic representation of the technique, can be used for analysis and/or design of planar optical waveguides of gaussian index profiles, drawing simple vertical and horizontal lines .In order to clarify the above facts, a simple example is given.
4.1.Exam pie:
In order to obtain a single-mode and low-loss diffused Ti:LiNbO3 optical waveguide at 1.32 ,im ( TM polarization ), fabricated on a z-cut substrate, we can choose a normalized diffusion depth V below cut-off frequency of the second order mode ( V = 3.9 , for example ). The technique is based on a normalized abacus that consists of six interrelated charts.
The analysis and/or design may be accomplished drawing simple vertical and horizontal lines. The most important parameters, that characterize the waveguide, can be obtained reading the horizontal and vertical intersections with the axes of the charts. 
